Atrial fibrillation (AF) is the most common sustained arrhythmia and is associated with an increased longterm risk of stroke. A screening test for early diagnosis has the potential to prevent AF-related strokes. This study assessed the diagnostic accuracy of an automated device for self-home blood pressure (BP) monitoring, which implements an algorithm for AF detection. A modified, automated oscillometric device for selfhome BP monitoring (Microlife BPA100 Plus, Microlife, Heerbrugg, Switzerland) with an AF detector was used to carry out triplicate BP measurements in subjects with sinus rhythm, AF and non-AF arrhythmias. During each BP measurement, the electrocardiogram (ECG) was recorded simultaneously. A total of 217 simultaneous BP measurements and ECG recordings were obtained from 73 subjects. Twenty-seven subjects (37%) had AF, 23 (31%) non-AF arrhythmias and 23 (31%) had sinus rhythm. A single measurement had 93% sensitivity and 89% specificity for detecting AF. For two measurements, in which one of them was required to detect AF, the sensitivity was 100% and specificity 76%, whereas for three measurements, in which two of them were required to detect AF, the sensitivity was 100% and specificity 89% (j ¼ 0.86 for an agreement with ECG). Using the latter approach, there were five false positive cases all having irregularities in B50% of the heartbeats. In patients with tachyarrhythmia, the device underestimated heart rate. These data suggest that an electronic device for self-home BP monitoring, which implements an algorithm for AF diagnosis has an excellent diagnostic accuracy and might, therefore, be used as a reliable screening test for the early diagnosis.
Introduction
Atrial fibrillation (AF) is the most common sustained arrhythmia in clinical practice. 1, 2 In the last two decades, the prevalence of AF has increased considerably 1,2 and has been described as a 'growing epidemic'. 3 In the general population, the prevalence of AF is 0.5-1%, yet it is clearly related to age with B5% of subjects over the age of 65 suffering from AF in which B10% of subjects over 80. 1, 2 Approximately, 70% of AF patients are older than 65 years. 1, 2 Atrial fibrillation is associated with an increased long-term risk of stroke with one in every six strokes occurring in relation with it.
1,2 As AF is frequently asymptomatic, stroke is often the initial presentation that leads to AF detection. Therefore, screening programmes have attempted to address this important issue. 4 With early diagnosis and effective anticoagulation, many AF-related strokes could be prevented.
Approximately 25-30% of the adults in the general population and more than 50% of those older than 65 years are hypertensives. 5, 6 Devices for self-monitoring blood pressure (BP) by patients at home are used widely in the community in several countries, and numerous hypertensive societies have endorsed the use of this method for long-term follow-up of treated hypertension. 7, 8 An algorithm that assesses pulse irregularity and applies a threshold for detecting AF, during routine BP measurement, has been integrated in a home BP monitor. 9 Preliminary evidence shows that this method has a good diagnostic ability for AF detection.
9,10 Such a screening tool for AF, in the population, has considerable potential for the early detection and management of AF and thereby for stroke prevention.
This study was designed to assess the diagnostic accuracy of an automated device for self-home BP monitoring for detecting AF among subjects with sinus rhythm, sustained AF and other non-AF arrhythmias.
Subjects and methods

Participants
Subjects with known sustained AF, or other non-AF arrhythmias, and controls with sinus rhythm were recruited among those attending an Outpatients Hypertension Clinic, patients admitted in a University Department of Medicine wards and healthy volunteers. Exclusion criteria were age o35 years, presence of a pacemaker, and/or an implanted defibrillator and refusal to participate. Device An automated oscillometric device for self-home BP monitoring, which has been validated earlier for BP measurement accuracy, 11 and an additional function, which allows AF detection during routine BP measurement, has been developed (Microlife BPA100 Plus, Microlife, Heerbrugg, Switzerland). Atrial fibrillation is detected during the usual BP recording by the application of an in-built algorithm, which analyses the irregularity of the pulse rate. 9 The average time interval of the last 10 beats, during deflation, is calculated and intervals that are 25% shorter or longer than that of the average are discarded. The mean of the remaining intervals is calculated with its s.d., and an AF diagnosis is made, if the s.d. per mean ratio is 40.06.
9 Four devices were donated by the manufacturer for carrying out this study.
Procedure
A medical history and a baseline 12-lead electrocardiogram (ECG) were obtained from each participant. Triplicate BP measurements were then taken after at least a 5-min rest in the lying position and with at least 30 s between measurements, using the tested home BP monitor with the AF detector. Simultaneously during the deflation phase of each BP measurement (when the AF detector of the device operates), the ECG was recorded continuously (one lead with a clear appearance of p-waves selected from the individual's baseline ECG). When an error occurred in BP measurement, this was repeated in order to obtain three sets of measurements with the corresponding ECGs per participant. The systolic and diastolic BP values and pulse rates measured by the device and the AF diagnosis carried out (AF, yes/no), were recorded for each measurement. The ECG heart rate and diagnosis of AF or other arrhythmias at baseline, and during each measurement, were made by one of the investigators and verified by an expert cardiologist. The protocol was approved by the hospital scientific committee and signed informed consent was obtained from all participants.
Analysis
The sensitivity, specificity and kappa-statistic for the AF diagnosis, carried out using the tested device and taking the ECG diagnosis of AF as reference method, were assessed for individual measurements and also for duplicate or triplicate measurements. Student's t-tests and one-way analysis of variance were used for the comparison of continuous variables in two or more groups of subjects, respectively, and the chi-squared tests were used for categorical variables. Paired t-tests were used to compare continuous variables in the same subjects. Statistical analysis was carried out using the MINITAB INC Statistical Software (Release 13.31). A probability value of Po0.05 was considered statistically significant.
Results
A total of 73 subjects were recruited and all were included in the analysis. Twenty-seven (37%) had AF, 23 (31%) non-AF arrhythmias and 23 had (31%) sinus rhythm ( Table 1 ). The ECG showed AF during all three BP measurements in 27 subjects (two subjects had two measurements), sinus rhythm during all three measurements in 23 subjects and non-AF arrhythmias during all three measurements in 16 subjects. Seven subjects (10%) had a change in the ECG rhythm during their three BP measurements. Four subjects had non-AF arrhythmia during two BP measurements and sinus rhythm during the third one; two subjects had sinus rhythm during two measurements and non-AF arrhythmia during the third; and one subject had non-AF arrhythmia during two measurements and AF during the third one (the latter subject was excluded from 'cases' analysis because of intermittent AF). Overall, 217 simultaneous BP measurements and ECG recordings were obtained (two subjects had two readings instead of three). The ECG showed sinus rhythm during 77 BP measurements, AF during 80 and non-AF arrhythmia during 60 measurements. With regard to the AF diagnosis, 77 of the 80 BP measurements obtained while the ECG showed AF, were effectively detected as AF by the tested device (three were missed). Furthermore, 76 of the 77 BP measurements obtained while ECG showed sinus rhythm, were correctly diagnosed by the tested device (no AF), and one was misdiagnosed as AF. Finally, of the 60 measurements obtained, while the ECG showed non-AF arrhythmia, 21 (35%) were misdiagnosed as AF by the tested device.
The evaluation of the diagnostic value of the AF detector is presented in Table 2 . When the diagnosis was based on a single measurement (all individual readings, n ¼ 217 or only the first one of each subject, n ¼ 72), the sensitivity of the device for diagnosing AF was 490% and the specificity 480% with the kappa-statistic suggesting a substantial agreement (Table 2) . When the first two or all three measurements were taken into account and only one measurement was needed to diagnose AF, the sensitivity was 100% but the specificity o80%. Finally, when all three measurements were taken into account and two of them were required to diagnose AF, the sensitivity was 100% and specificity 89% with the kappa-statistic suggesting an almost perfect agreement (Table 2) .
Applying the optimal diagnostic approach (three measurements taken and at least two of them needed to diagnose AF), five cases were misdiagnosed as AF by the tested device. All these patients had non-AF arrhythmias in all their three measurements, which were misdiagnosed by the device as AF in all their three measurements (three subjects) or in two of their three measurements (two subjects). In these cases, the ECG during the BP measurements showed irregular RR intervals in B50% of the beats (range: 24-72%).
The ECG-calculated heart rate was on average 6 b.p.m. (beats per minute) higher than the pulse rate measured using the tested device in subjects with AF and in those with non-AF arrhythmia, but not in those with sinus rhythm (Table 2) . Among subjects with AF or non-AF arrhythmia, those with a X10-b.p.m. pulse rate, underestimation by the tested device had a faster ECG heart rate (97.0 ± 28. 
Discussion
This prospective study assessed the diagnostic accuracy of an automated device for self-home BP monitoring in detecting AF. Overall, the device appeared to have a good diagnostic value, and even a single measurement achieved agreement with ECG diagnosis in more than 80% of the cases. For triplicate BP measurements, in which two of them were required to make the diagnosis of AF, the device has an almost perfect agreement with ECG diagnosis (93%) with 100% sensitivity and 89% specificity.
Until recently, the diagnosis of AF was only made on the basis of an ECG. This method was regarded as a very accurate one, but proved to be so only when carried out by a specialist. This is shown clearly in a study that compared the AF diagnosis, made by general practitioners, and a computer software algorithm using a 12-lead ECG, versus a reference diagnosis made by two cardiologists. 12 The general practitioners' diagnosis proved to be imperfect with a sensitivity of 80% and specificity of 92%. When taking into account the general practitioner's diagnosis together with the interpretative software (either or both positive), the diagnostic performance was improved, but only reached a sensitivity of 92% and specificity of 91%. 12 The investigators Home monitor for atrial fibrillation GS Stergiou et al concluded that many primary care professionals cannot accurately detect AF on an ECG, even when helped by an interpretative software. 12 Self-diagnosis by patients of the pulse irregularity as a screening test for the detection of AF has been evaluated in a community education program with 6203 participants. 13 Unfortunately, 27% of the trained participants could not find their pulse, and of those who did, 9% could not tell whether it was irregular. 13 Owing to the widespread devices for self-home BP monitoring in the community, the idea that such devices also monitor pulse rate by implementing specific algorithms that are able to screen for arrhythmias is challenging. Early arrhythmia detectors integrated in home BP monitors picked up any pulse rate irregularity (even occasional ectopic beats) and could not distinguish between AF and other arrhythmias. Thus, their specificity for AF diagnosis is unacceptably low.
Wiesel et al. 9 developed an algorithm for AF detection during routine BP measurement, which has been integrated in the home BP monitor tested in this study. The first study that assessed the diagnostic accuracy of an AF-detecting home BP monitor (modified Omron 712C) included 450 subjects, of whom 54 had AF on ECG. 9 When single BP readings were used, the sensitivity of the device for diagnosing AF was 100% and the specificity 84%, whereas for two readings (diagnosis made only if both were positive), the sensitivity and specificity were 100 and 91%, respectively. 9 A recent study by the same group tested the same device as in this study in 205 subjects, of whom 52 had AF on ECG. 10 The sensitivity and specificity of a single measurement for detecting AF was 98 and 88%, respectively. For three measurements, in which two of them were required to diagnose AF, the diagnostic accuracy was improved (sensitivity, 100%; specificity, 89%), 10 that is identical with the finding of this study ( Table 2 ). The feasibility of using the device by patients at home for detecting intermittent AF has been tested in a small study of 19 patients with a history of AF.
14 Selfmonitoring at home, once per day for a period from 5 days to 5 months, seven patients with recurrent AF were identified by the monitor. 14 The important features of this study that ensured a comprehensive assessment of the diagnostic accuracy of the AF detector are, first, that all BP measurements (and AF detector operation) were carried out simultaneously with continuous ECG recording, and, second, that three distinct groups of subjects (sinus rhythm, AF and non-AF arrhythmia) were investigated. This study design allowed the detection of changes in rhythm during the triplicate BP measurements, which actually occurred in 10% of the participants. In addition, the performance of the AF detector was tested in rather difficult diagnostic conditions, because of the inclusion of a group of subjects with non-AF arrhythmias. We hypothesized that a false positive diagnosis of AF might be common in the latter group. Such a drawback (poor specificity) of this screening method would often cause the users to be alarmed unnecessarily.
Interestingly, even in these more complex diagnostic conditions, the device proved to have a good diagnostic value. In line with the findings of Wiesel et al., 10 and after testing several approaches including single, duplicate and triplicate measurements, and one of two, one of three and two of three positive measurements needed for diagnosis, these data confirmed that triplicate measurements, in which two of them were required to make an AF diagnosis, is the optimal approach in terms of diagnostic accuracy (Table 2 ). In fact this screening tool appears to be more accurate in diagnosing AF than the general practitioners' diagnosis carried out by ECG together with an interpretative software. 12 Even after applying the optimal diagnostic approach (two of the three measurements needed for diagnosis), the tested device overdiagnosed AF in five patients. All these subjects had non-AF arrhythmias with irregular RR intervals in B50% of the beats, which were regarded as clinically important non-AF arrhythmias. Thus, even in these cases with a false positive AF diagnosis, patients are not alarmed unnecessarily by the device because they may benefit from medical consultation.
As this device is designed to detect AF by assessing the consistency of pulse rate irregularity, it cannot detect atrial flutter. On the other hand, the device will not alert patients with sporadic ectopic beats, which is a considerable improvement compared with that of other arrhythmia detectors implemented in the current oscillometric manometers. At present, and based on the prevalence of these arrhythmias and the associated cardiovascular risk, this technology seems to offer the optimal screening method.
Another issue raised by this study is that in case of arrhythmia (AF or other), heart rate is underestimated by the device, particularly in cases with tachyarrhythmia. Given the recent evidence that validated, automated BP monitors give accurate BP measurements in patients with AF and can be used in everyday clinical practice, 15, 16 this issue deserves special attention.
In conclusion, this study showed that a home BP monitor with an integrated algorithm for AF diagnosis appears to have a very good diagnostic accuracy, which might be superior to that of a general practitioner. The widespread application of this technology in devices for routine home BP monitoring in the community appears to be an excellent screening test, yet its ability to detect intermittent AF requires further investigation. 14 Subjects with AF, detected by the device, should consult their physician as soon as possible in order to confirm the AF diagnosis by ECG before a decision for pharmacologic intervention is made.
